We used structural modeling procedures to assess the influence of past math grades, math ability perceptions, performance expectancies, and value perceptions on the level of math anxiety reported in a sample of 7th-through 9th-grade students (N = 250). A second set of analyses examined the relative influence of these performance, self-perception, and affect variables on students' subsequent grades and course enrollment intentions in mathematics. The findings indicated that math anxiety was most directly related to students' math ability perceptions, performance expectancies, and value perceptions. Students' performance expectancies predicted subsequent math grades, whereas their value perceptions predicted course enrollment intentions. Math anxiety did not have significant direct effects on either grades or intentions. The findings also suggested that the pattern of relations are similar for boys and girls. The results are discussed in relation to expectancy-value and self-efficacy theories of academic achievement.
The present study is a part of a 2-year longitudinal investigation of the cognitive motivational variables that influence high school students' decisions to enroll in advanced mathematics courses. This research is guided by a model of academic choice and achievement based on expectancy-value theories of motivation (Eccles, 1983) . The model links achievement behavior to expectancies for success and to the incentive value of the task. It is our contention that this model, originally proposed as a general model of academic choice, is particularly useful in analyzing sex differences in mathematics (Meece, Parsons, Kaczala, GofF, & Futterman, 1982) . Our previous research testing aspects of this model showed that self-concepts of math ability and the subjective value of mathematics were predictive of junior and senior high school students' course enrollment plans and performance in mathematics. We also found significant sex differences in students' self-concepts of math ability and task values (Eccles, 1983; Eccles [Parsons], 1984; Eccles [Parsons] , Adler, & Meece, 1984) .
In this study, we focus on the mediating influence of math anxiety on students' course enrollment plans and performance in mathematics. Research within the expectancy-value tradition has examined affective dispositions that can inhibit achievement striving, such as the motive to avoid failure in Atkinson's original model of achievement motivation (Atkinson, 1964 ) and the related construct of test anxiety (Hill, 1972; Sarason, 1980) . Studies of mathematics achievement have primarily examined the negative effects of math anxiety. These studies have shown that math anxiety relates negatively to students' performance on standardized tests of mathematics achievement, grades in mathematics, plans to enroll in advanced high school mathematics courses, and selection of math-related college majors (Armstrong, 1985; Betz, 1978; Brush, 1980; Eccles [Parsons], 1984; Hackett, 1985; Hendel, 60 1980; Richardson & Woolfolk, 1980; Wigfield & Meece, 1988) .
Math anxiety has also received considerable attention for its role in explaining sex-related differences in mathematics achievement and course enrollment patterns. Sex typically accounts for only a small proportion of the variance in students' responses on math anxiety measures (Betz, 1978; Dew, Galassi, &Galassi, 1983; Eccles [Parsons], 1984; Meece, 1981) . However, high school and college women generally rate themselves as more math anxious than men (Armstrong, 1985; Betz, 1978; Brush, 1985; Meece, 1981; Richardson & Woolfolk, 1980; Wigfield & Meece, 1988) .
The present study has several important goals. First, we identify important predictors of math anxiety. Correlational studies have shown that math anxiety is related negatively to measures of prior mathematics achievement and math ability perceptions Hendel, 1980; Rounds & Hendel, 1980; Wigfield & Meece, 1988) . Using path analysis procedures, Betz and Hackett (1983) and Hackett (1985) showed that a measure of math-related efficacy was a stronger predictor of college students' math anxiety than were achievement test scores in mathematics. In a previous study (Wigfield & Meece, 1988) , we suggested that the value students attach to mathematics can moderate these relations. Students who have low perceptions of their math abilities and do not value mathematics may not report as much math anxiety as students who have low perceptions of their math abilities but think it is important to do well in mathematics. To extend previous research, we test a conceptual model that includes prior mathematics achievement, math efficacyrelated perceptions, and the subjective value of math as predictors of math anxiety.
The second major goal of this study was to assess the relative predictive influence of math anxiety on students' mathematics course enrollment plans. Several studies have indicated that math anxiety appears to add little to the prediction of mathematics participation and achievement beyond that of previous math performance, general attitudes toward mathematics, and self-concepts of math ability. When the effects of these other variables also are examined, the relative influence of math anxiety is either substantially reduced or nonsignificant (Betz, 1978; Brush, 1980; Rounds & Hendel, 1980; Siegel, Galassi, & Ware, 1985) .
Previously, we suggested that some of the ambiguity concerning the effects of math anxiety is due to its conceptualization (Wigfield & Meece, 1988) . Some measures of math anxiety include items assessing math ability perceptions, which makes it difficult to distinguish the effects of math anxiety from the influence of other closely related motivational variables. We showed, however, that math ability perceptions and math anxiety are conceptually distinct, though related, constructs (Wigfield & Meece, 1988) . In this study, we test the relative predictive influence of math anxiety, math efficacy-related perceptions, and the subjective value of mathematics on students' course enrollment plans and achievement in mathematics.
Much of the research on math anxiety has involved high school and college-aged students, and less information is available on the correlates and effects of math anxiety in younger populations. Therefore, this study focuses on a sample of junior high school students. Research has shown that students' reports of uneasiness, worry, and anxiety related to mathematics increase during the early adolescent years (Brush, 1985; Meece, 1981; Wigfield & Meece, 1988) . A few studies have suggested further that achievement-related affect may play a particularly important role in determining the achievement outcomes of young adolescents (Brush, 1985; Harter & Connell, 1984) .
Another important objective of this study was to examine differences in the relations among predictor and outcome variables for male and female students. Our previous work has documented sex-related differences in junior high school students' math-related expectancies, values, and anxiety (Eccles, 1983; Eccles [Parsons], 1984; Meece, 1981; Wigfield & Meece, 1988) . Other evidence suggests that affective factors may play a more important role in explaining differences in the achievement patterns of female than of male students (Meyer & Fennema, 1986) . Also, in our previous work, we found evidence that past performances in mathematics may have a stronger influence on the task expectancies and values of male students than on those of female students (Eccles, 1983 (Eccles, , 1985 Eccles [Parsons] et al., 1984) . None of these studies, however, used sophisticated group comparison analyses to examine these sex differences.
Theoretical Links Between Expectancy-Value and
Self-Efficacy Achievement Models
Research on math anxiety has been limited by the lack of an integrative theoretical framework for conceptualizing relations among self-perception, affective, and performance variables (Reyes, 1984) . We based our previous research on expectancy-value theories of achievement motivation. In the present study, we relate this research to the growing literature on self-efficacy approaches to academic achievement. Expectancy-value and self-efficacy theories stress the importance of conceptually similar constructs and processes. First, both approaches stress the important influence of individuals'judgments of their ability to perform or to succeed at a task as critical determinants of task choice, persistence, affective reactions, and performance in achievement situations. Second, both theories emphasize the critical role of cognitive and inferential processes in forming expectancy judgments. And third, both expectancy-value and self-efficacy approaches maintain that the incentive or reinforcement value of an outcome can mediate achievement-related behavior.
There are also some important distinctions between the two theories. Expectancy-value theories are concerned with the anticipated outcomes or consequences of an action. Expectancies are defined as the subjective probability of success on a task (Atkinson, 1964; Atkinson & Feather, 1966) or as the subject probability that a particular reinforcement will occur as a function of a particular action (Rotter, 1954) . Selfefficacy theorists argue that expectancy judgments concerning the consequences of one's actions are distinct from efficacy judgments concerning one's ability to attain a certain level of performance (Bandura, 1986) . Bandura points out that a person may feel certain that an action will lead to a particular outcome but may doubt his or her ability to successfully perform the action. This distinction is most appropriate for situations in which outcomes or reinforcers are loosely tied to actions because of environmental contingencies (Bandura, 1986) . Schunk (1984) has argued that there may be less of a distinction between expectancy judgments and efficacy judgments in achievement situations.
Another important difference concerns the emphasis placed on the subjective value of the outcome in the two theories. Although self-efficacy theories stress the importance of this variable, much of the research in this area focuses on the impact of efficacy beliefs. Norwich (1987) recently concluded that researchers need to elaborate the incentive conditions under which efficacy judgments influence subsequent performance. In contrast, expectancy-value research has suggested that the perceived value of an achievement activity can be a stronger predictor of some achievement outcomes than efficacy-related beliefs (Eccles [Parsons], 1984; Eccles [Parsons] et al., 1984; Feather, 1988) .
Model Specification
In this study, we test two models derived from expectancyvalue and self-efficacy theories. The models share some general features. Expectancy-value and self-efficacy theories maintain that in forming efficacy or ability judgments, individuals rely on information about their past performances. Research has further shown that successful performances do not necessarily enhance efficacy-related perceptions; the impact of this information depends on how it is cognitively appraised and interpreted (Bandura, 1986; Eccles, 1983; Meece et al., 1982; Schunk, 1984; Weiner, 1979) . On the basis of this research, the proposed models predict that students' efficacy-related beliefs mediate the effects of prior academic performance on anxiety, course enrollment plans, and performance in mathematics.
The models distinguish between two types of efficacyrelated beliefs. Bandura (1981) has argued that self-concepts of ability are global estimates of efficacy. These assessments tend to be less predictive of achievement-related outcomes than domain-or task-specific measures of efficacy. This distinction is also consistent with expectancy-value models of achievement. In our model of academic choice and performance (Eccles, 1983; Meece et al., 1982) , we hypothesized that students' math ability perceptions positively influence students' expectations for success in mathematics, and these, in turn, predict achievement-related outcomes. Correlational data supported the positive relation between these two types of efficacy beliefs; however, factor analysis findings suggested that they should be treated as a single construct (Eccles, 1983; Eccles, Wigfield, & Chambers, 1988) . Consequently, we used a construct that includes both types of efficacy beliefs in much of our previous research. Although this strategy is statistically justifiable and theoretically appropriate, it obscures the distinction suggested by self-efficacy theorists, limits our ability to test micro-level associations among these efficacy-related perceptions, and possibly reduces the predictive power of our model.
In this study, we treat students' math ability perceptions and expectancies as separate constructs. However, because these two types of efficacy beliefs are closely associated, multicolinearity is a potential problem when both constructs are included in the models as distinct predictors. To handle this problem, we draw on our longitudinal data and use Year 1 indicators of math ability perceptions to predict Year 2 course performance expectancies in each of the models.
We include performance expectancies in the models as domain-specific measures of perceived efficacy. We operationally define this variable as students' ratings of how well they expect to do in their current mathematics course. This assessment is conceptually similar to a measure of perceived efficacy because it involves judgments concerning one's ability to attain a certain level of performance, rather than the anticipated consequences of a successful performance (Bandura, 1986; Schunk, 1984) . However, the expectancy measure is different from self-efficacy measures that assess students' perceptions of their abilities to successfully perform certain mathematical tasks (Norwich, 1987) or to receive passing grades in a variety of math-related courses (Betz & Hackett, 1983; Hackett, 1985) .
Last, both models contain a measure of the perceived importance of mathematics to test its relative predictive influence on anxiety, grades, and course enrollment plans in mathematics. We also specify a positive relationship between the efficacy and value measures used in this study. This addition to our model is based on previous cross-sectional research in which we found a positive relation linking students' prior math ability perceptions to their current perceptions of task value (Eccles, 1983 ) and on recent research indicating a reciprocal relation between math ability and math valence constructs (Feather, 1988) .
Math Anxiety Model
In our first model, we tested two sets of causal relations. First, on the basis of previous research (Eccles [Parsons], 1984; Hackett, 1985; Meece, 1981; Wigfield & Meece, 1988) , we predicted that students' anxiety about math would be directly and negatively related to how well students expect to do in their current mathematics course. To extend previous research, we tested whether the importance students attach to math would contribute directly to the prediction of math anxiety. We also examined the possibility that expectancies and values interact to influence anxiety (Wigfield & Meece, 1988 ).
Second, we tested longitudinal links of previous math grades and math ability perceptions to math expectancies, importance ratings, and anxiety. On the basis of earlier research (Eccles, 1983; Eccles [Parson], 1984; Wigfield & Meece, 1988) , we predicted that math ability perceptions would relate positively to both expectancies and importance ratings and negatively to anxiety. The effects of prior achievement on these variables would be indirect. We also tested the bidirectional relation of expectancies and importance ratings. We predicted a positive link between the two variables based on the two recent studies (Eccles, et al., 1988; Feather, 1988) .
Model of Course Performance and Enrollment Intentions
In this model, we examined the relative influence of expectancy, value, and anxiety constructs on students' subsequent math grades and intentions to enroll in mathematics courses. On the basis of our previous work (Eccles, 1983; Eccles [Parsons], 1984; Eccles [Parsons], et al., 1984) and studies of self-efficacy (Schunk, 1984) , we predicted that students' performance expectancies in math would have the strongest positive direct effect on their subsequent grades. We predicted that the importance students attached to math would have the strongest direct effects on their intentions to enroll in math. We expected anxiety to have direct, negative effects on both subsequent grades and intentions (Wigfield & Meece, 1988) . We also predicted that anxiety would mediate relations between expectancies and grades and between math values and intentions.
Second, we looked at longitudinal relations of math grades and ability perceptions to the other variables. As before, we predicted that math ability perceptions would directly influence performance expectancies, importance ratings, and anxiety. On the basis of previous research (Eccles, 1983; Schunk, 1984) , we predicted that math ability perceptions would have indirect effects on subsequent math grades and intentions and that its effects would be mediated through performance expectancies and importance ratings. We expected previous grades to have direct links only to the subsequent year's grades.
Summary
The present study draws on expectancy-value and selfefficacy theories of achievement motivation to identify predictors of math anxiety and to conceptualize the mediating influence of math anxiety on young adolescents' course enrollment plans and performance in mathematics. We extend previous research in several important ways. First, we attempt to replicate our earlier findings with a different sample of adolescents. The socioeconomic composition of this sample is more diverse than that of the sample used in our previous investigations. Second, we test longitudinal relations between math performance and the critical self-perception variable identified in our model of academic achievement and choice (Eccles, 1983; Meece et al., 1982) . To date, tests of the model have used cross-sectional data. We test relations between predictor variables and their causal links to outcome variables using more sophisticated structural equation modeling techniques than were used in the previous studies. We also used sophisticated group comparison procedures to assess possible sex-related differences in the predictive influence of performance and self-perception variables. Last, we limit our analyses to a sample of junior high school students to control for possible developmental differences.
Method

Sample
This study is part of a 2-year longitudinal research project involving approximately 860 students in 5th through 12th grade (see Eccles, Wigfield, Meece, Kaczala, & Jayarante, 1986 , for a description of the full study). Because we were interested most in the junior high school years, the sample we used in this study consists of 250 students (131 girls and 119 boys) who were in Grades 7 through 9 during the second year of the study. The students are from two predominantly White middle-class suburban communities.
We used the mathematics classroom as an intermediate sampling unit and selected four classrooms at each grade level from among the classrooms whose teachers volunteered to participate in the study. Within each of the selected classrooms, 85-95% of the students agreed to participate. In seventh and eighth grade, all students were enrolled in math courses of an approximately equivalent level of difficulty. In ninth grade, most students were enrolled in either regular algebra (25 girls and 28 boys) or advanced algebra (20 girls and 13 boys). Seven students (4 girls and 3 boys) were enrolled in a slow-paced ninthgrade algebra class.
Project staff members administered questionnaires to students who had returned slips indicating parental consent. We group administered all questionnaires during the spring of Year 1 and Year 2.
Measures
Student attitudes. The Student Attitude Questionnaire (SAQ) has been used and refined in two major studies of children's beliefs and attitudes about mathematics (see Eccles, 1983; Eccles et al., 1986 , for detailed descriptions of the SAQ). The questionnaire contains items to assess student's expectancies for success, perceived values, perceived ability, perceived effort, and perceived task difficulty in both math and English, and many other constructs, such as sex-role identity, sex stereotyping of math as a male domain, causal attributions, and children's perceptions of their parents' and teachers' attitudes regarding the students' abilities in math. Most of these constructs are assessed by two or more 7-point Likert-type items.
In this study we used three factor-derived scales (Eccles et al., 1988 ) from this questionnaire as predictor variables. The perceived math ability measure consists of three items tapping students' sense of their math ability and how well they were doing in math (a = .86 for overall, .83 for boys, .89 for girls). The expectancies measure consists of two items asking students to rate how well they expected to do in their current math course (a -.79 overall, .78 for boys, .81 for girls). The importance measure consists of two items asking students to rate how important it was to them to be good at math and to get good grades in math (a = .67 overall, .57 for boys, and .62 for girls). Table  1 lists these scales of items. 1 We scored each scale so that a higher scale would indicate a stronger endorsement of the items contained in it. 1 The scales used in the present study are slightly different from the ones used in our previous investigations. The current scales are based on our most recent factor analysis of this data set and represent a more differentiated set of constructs. One of the items contained in the Ability Perception scale asked students to evaluate how well they were doing in mathematics. The wording of this item may appear similar to items that ask students to rate how well they expected to do in mathematics. The overlap in the content of these items could result in a spurious inflation of the association between the perceived ability and performance expectancy constructs. The use of ability perceptions from the previous year should help to alleviate this problem. We used only the Current Expectancies scale in this study because we wanted a course-specific measure of students' perceived efficacy in mathematics. Also, we found sex differences in this variable, which we did not find in the sample used in earlier studies. We recognize that these modifications can affect the replicability of our earlier findings.
The SAQ also includes an item asking students to indicate whether they would take more math in the future if they no longer had to. A high score on this item indicates that students planned to take more math.
Math anxiety. We included a measure of math anxiety in the SAQ during the second year of the larger study. This measure contains 19 items to assess the cognitive and affective dimensions of math anxiety. In a previous study, we deleted eight of these items because of their overlap with ability and value constructs (see Wigfield & Meece, 1988 , for an elaboration of these procedures). Confirmatory factor analyses of the remaining 11 items produced two factors, the first representing concerns about doing well in math and the second representing strong negative affective reactions to math. In this study, we used five items with high factor loadings on the Negative Affective Reactions scale because that scale seemed to represent a form of debilitating math anxiety. We also found significant gender differences in this component of math anxiety (Wigfield & Meece, 1988) . Table 1 lists the math anxiety items. The alphas for this sample are .77 overall, .71 for boys, and .80 for girls.
Math achievement. We collected achievement information on each student for both years of the study from school records. The present study used Year 1 and Year 2 final math grades as measures of students' previous and current math performance. We coded grades so that higher scores meant higher grades. Scores ranged from 2 for E (failure) to 14 for A+.
Design
We used structural equation modeling procedures to assess the two structured models and their associated measurement models. We used the LISREL VI program (Joreskog & Sorbom, 1981) for these analyses. In using these procedures, researchers must clearly specify the assumptions made in formulating both the measurement and structural models (Joreskog & Sorbom, 1981; Long, 1983) . In our measurement model, we assumed that each observed variable would have a nonzero loading on only one latent variable, the one it was presumed to measure. For the structural model of the relations among the latent variables, we assumed that causal relations would be recursive. We further assumed that there would be noncausal relations between the self-perceptions variables posited to be at the same step in a causal sequence, so we estimated those relations. Finally, for items with quite similar wording, we allowed for correlated errors of measurement.
We used several different indices of the goodness-of-fit for the models, including chi-square, chi-square divided by its degree of freedom, Bentler and Bonett's (1980) normed fit index, and Joreskog and Sdrbom's (1981) Goodness-of-Fit (GFI). Bentler and Bonett's normed fit index involves comparing the chi-square value of the hypothesized model with that of a "null" model that assumes no covariances among the variables. This index has a maximum value of 1, and Bentler and Bonett suggested that values of .9 or above indicate reasonable fit. Similarly, for Joreskog and Sorbom's GFI, values of .9 or above should indicate a good fit. Joreskog and Sorbom (1981) outlined a series of steps by which researchers can test for the structural in variance of models in different groups. The most rigorous procedure involves testing the invariance of the covariance matrix structure for each group. We performed this test for the matrices for boys and girls. In addition to this test, we also examined the relations among latent variables to determine if they differed for boys and girls. Table 1 presents the means and standard deviations for the different variables included in the study for the whole sample and for boys and girls.
Results
Descriptive Statistics
2 Table 2 presents the correlations among the items for the seventh-to ninth-grade students. Because the patterns of relations are similar across groups, we only present the correlations for the whole sample. As Table  2 indicates, all the correlations between the mathematics anxiety items and the other self-perceptions items and math grades are negative. Items tapping ability perceptions, current performance expectancies, and importance relate positively. Mathematics ability perceptions, performance expectancies, and importance ratings all relate positively to grades in math at Year 1 and Year 2. At each year, the relations between ability perceptions and grades and between performance expectancies and grades are stronger than the relations between the importance of doing well in math and math grades.
To test for possible sex-related differences in children's selfperceptions concerning mathematics and math grades, we performed one-way analysis of variance (ANOVAS) on the scales created using the items listed in Table 1 . Compared with girls, boys have higher perceptions of their own math ability (M = 5.31 for boys, 4.95 for girls), F(l, 276) = 8.09, MS C = 1.23, p < .01; higher performance expectancies in math (M = 5.28 for boys, 4.97 for girls), F{\, 248) = 5.03, MSe = 1.22, p < .05; and stronger intentions to keep taking math (M = 5.99 for boys, 5.57 for girls), 7=1(1, 248) = 4.98, MS e = 2.20, p < .05. Girls (M = 3.80) express more anxiety about math than boys (M = 3.27), F(l, 248) = 12.56, MS e = 1.39, p < .01. Sex of the student accounts for 2-5% of the variance in these self-perception variables. There are no sex differences in the importance students assign to doing well in math or in students' math grades for either year of the study.
Model 1: Math anxiety model. In the first model, we assessed how students' Year 1 math ability perceptions and math grades influenced their Year 2 math performance expectancies and ratings of the importance of doing well in math, and in turn how all these variables affected their math anxiety. Before testing this model, we first tested for possible interaction effects of expectancies and values on math anxiety with path analyses (using multiple regression procedures) that included expectancies, values, and their product as predictors of math anxiety. Results of these analyses showed that the interaction term was not significant; hence, in the LISREL modeling, we examined only main effects. We estimated the correlation between expectancies and importance in the model, but did not specify a causal link between these two variables. Figure 1 depicts the final structural models for the whole sample. The significant maximum likelihood and standardized (in parentheses) parameter estimates are presented in the figure. Table 3 presents the goodness-of-fit indices for the models tested. As the table indicates, all of the indices show that the models fit quite well. For each model, the chi-squares divided by their degree of freedom are close to two or less.
2 Table 1 presents individual items rather than scales because these items were used in the structural equation modeling analyses. Items 1-3 formed the Ability Perception scale, Items 4-5 formed the Current Expectancies scale, Items 6-7 formed the Importance scale, Items 8-12 formed the Anxiety scale, and Items 13-15 were entered as single-item indicators in the model. The normed fit indices (except for boys) are above .9, as are Joreskog and Sorbom's (1981) GFIs. The individual parameters are quite large in relation to their standard errors, and all the normalized residuals are less than two. The squared multiple correlations for anxiety are .51 in the model for the whole sample, .40 for boys, and .48 for girls, which indicates that the models account for about half of the variance in students' anxiety scores.
Examination of the parameter estimates of the model for the whole sample shows that students' Year 1 ability perceptions and grades are strongly related. As hypothesized, students' Year 1 math ability perceptions directly and positively predict students' Year 2 performance expectancies and importance ratings. Also as hypothesized, students' Year 1 math ability perceptions have both a direct negative effect on Year 2 anxiety ratings and an indirect effect mediated through the expectancies and importance ratings. Math ability perceptions mediate the effects of students' Year 1 math grades on the expectancy, importance, and anxiety variables.
As expected, the relation between expectancies and importance is positive; both expectancies and importance have strong, negative, direct effects on students' anxiety about math, which indicates that students who have more positive expectancies about math are less anxious about math. The negative coefficients for the paths between expectancies and anxiety are stronger than those for the paths between importance and anxiety.
In comparing the responses of boys and girls, we first tested the invariance of the covariance matrices for boys and girls. We used the most rigorous test proposed by Joreskog and Sorbom (1981) for testing in variance across groups. We analyzed the matrices containing all 15 items included in either the first set of models or the second set of models. The chisquare for this test is 86.45, and with 78 degrees of freedom, the test is nonsignificant, which indicates that the covariance matrices are invariant. Though the covariance matrices are invariant, the parameter estimates of the models indicate some differences in the relations among the latent variables for boys and girls. Perceived ability is a significant predictor of performance expectancies for boys but not girls. Perceived ability has a direct effect on girls' anxiety ratings; in contrast, the effects of perceived ability on math anxiety are primarily indirect in Table 3 Goodness-of-Fit Indices for the Structural Models the male sample. Thus, students' prior perceptions of their math ability appear to have a slightly different impact on boys' and girls' subsequent self-perceptions. Although there are differences in the magnitude of some causal relations, the overall model specifications fit the male and female sample data equally well, which suggests that these differences reflect weak and chance variations.
Model 2: Predicting Year 2 grades and intentions. In the second model, we assessed how the self-perception variables and previous math performance related to two outcome variables, students' grades and intentions to enroll in mathematics courses at the end of the second year. Again, we first used path analyses to test for possible interaction effects of expectancy and value on Year 2 grades and enrollment intentions; none of the interaction terms was significant. We next specified models in which expectancies and importance both predicted to anxiety which, in turn, predicted Year 2 grades and intentions to determine if anxiety mediated the effects of expectancies and importance on grades and intentions. Contrary to our predictions, anxiety did not have a direct effect on either of these outcome variables. Because of this result and the relatively strong relations among anxiety, importance, and expectancies (which makes colinearity a possible problem), we did not specify causal links from expectancies and importance to anxiety in the second set of models. Instead, we included expectancies, importance ratings, and anxiety at the same point in the model's causal sequence and specified noncausal relations among these variables. We then tested their relation to grades and intentions (see Figure 2) . We also specified a causal relation between Year 1 and Year 2 grades because there was likely to be some relationship between grades across time that was not mediated by the cognitive motivational variables included in the model. Table 3 presents the goodness-of-fit indices for the models tested. As before, all of the overall indices show that the models fit well. Furthermore, the parameter estimates are large, relative to their standard errors, and the normalized residuals are less than two. Figure 2 shows the models for the total sample, with the significant maximum likelihood and standardized parameter estimates.
As in the anxiety model, Year 1 math ability perceptions have direct positive effects on the current performance expectancies and importance and direct negative effects on the anxiety variables. The effects of Year 1 grades on these selfperception variables are all indirect, mediated through their association with Year 1 ability perceptions. Year 1 grades have a significant direct effect only on Year 2 grades. Current performance expectancies and importance ratings are positively related; both of these variables relate negatively to anxiety.
The direct links between expectancies and Year 2 math grades are strong and positive, which indicates that students with higher performance expectancies in math have higher Year 2 grades. This direct effect is stronger than the direct effect from Year 1 grades to Year 2 grades, which suggests that performance expectancies mediated, to some extent, the longitudinal link between grades in mathematics. Current performance expectancies do not directly relate to intentions to enroll in mathematics courses; instead, the importance students assign to doing well in math has a strong, direct, positive effect on their intentions to continue taking mathematics. This link is much stronger than the direct link of past grades to intention, which again suggests that the importanceratings act as a mediating variable between Year 1 grades and students' course enrollment intentions. As noted above, anxiety does not have a direct effect on Year 2 grades or intentions.
We have already reported that the structure of the covariance matrix for these items did not differ for boys and girls. Nonetheless, in terms of differences in the relations among the latent variables for boys and girls in these models, the direct link between Year 1 grades and performance expectancies is not significant for girls. The coefficient for the direct path between expectancies and Year 2 grades is somewhat stronger for boys than for girls, and the coefficient for the path between importance and intentions is stronger for girls than for boys.
The squared multiple correlations are .50 for Year 2 grades and .33 for intentions to enroll in mathematics courses in the overall model; .57 for Year 2 grades and .18 for intentions in the model for boys; and .43 for Year 2 grades and .39 for intentions in the model for girls. Thus, the model accounts for more variance in boys' than in girls' Year 2 grades; in contrast, it accounts for more variance in girls' than in boys' course enrollment intentions. In general, the model accounts for more variance in math grades than in course enrollment intentions, for both boys and girls.
In summary, the results suggest that students' efficacyrelated beliefs influence students' performances and academic choices in mathematics, as hypothesized. In addition, students' ability perceptions have strong direct effects on Year 2 performance expectancies, importance-ratings, and anxiety, but they have only indirect effects on Year 2 grades and intentions. Students' performance expectancies strongly and directly predict subsequent grades but not course enrollment intentions. Students' ratings of the importance of math predict their course enrollment intentions but not grades. Students' anxiety about math have no direct effect on either subsequent grades or course enrollment intentions. Sex differences are few and difficult to interpret because the covariance matrices did not differ across these two groups.
Discussion
Several interesting findings emerged in this study. First, we replicated and extended our previous research on the longi-tudinal relations specified in the Eccles model (Eccles, 1983; Eccles [Parsons], 1984; Eccles [Parsons] et al., 1984) . The results indicate that the relations identified previously in crosssectional analyses emerge in longitudinal tests as well. In particular, math ability perceptions have strong longitudinal effects (both direct and indirect) on future efficacy-related beliefs and value perceptions. As hypothesized in the Eccles model, math ability perceptions directly affect students' valuing of math as well as their expectancies for success in math. Second, we demonstrated that the bidrectional relationship between expectancies and values is positive. We also demonstrated that when relations with other predictor variables are specified in a model, math anxiety has only indirect effects on subsequent performance and enrollment intentions. And last, we showed that boys' and girls' efficacy-related and value perceptions link to subsequent performance and enrollment patterns in similar ways.
Concerning predictors of math anxiety, we found that students' current performance expectancies in math and, to a somewhat lesser extent, the perceived importance of mathematics have the strongest direct effects on their anxiety. Consistent with previous research (Betz & Hackett, 1983; Hackett, 1985) , efficacy-related judgments significantly predict math anxiety in students. As expected, students' perceptions of their math ability mediate the effects of past performance on anxiety. Hence, in support of cognitive mediation models of achievement (Bandura, 1986; Eccles, 1983; Harter & Connell, 1984; Weiner, 1979) , it is students' interpretations of their achievement outcomes and not the outcomes themselves that have the strongest effects on students' affective reactions to achievement.
Interestingly, the importance students assigned to mathematics achievement does not moderate the effects of expectancies on anxiety. Instead, importance-ratings have a direct negative effect on math anxiety. Students who assigned more importance to achievement in mathematics reported less math anxiety. Without longitudinal data to disentangle causal relations between the value and anxiety variables, it is difficult to interpret this finding. This particular finding reaffirms our earlier suggestion that exploring the causal links between anxiety and value constructs should be a high priority in future research on math anxiety (Wigfield & Meece, 1988) .
Several important findings emerge from our analyses of the prediction of mathematics performance and course enrollment intentions. First, although previous performance has direct effects on subsequent grades, it also has indirect effects mediated through students' ability perceptions, performance expectancies, and importance-ratings, and this provides further support for the cognitive mediation models of achievement behavior. Second, performance expectancies predict subsequent math grades, whereas the perceived importance of mathematics predicts course enrollment intentions. This pattern is consistent with earlier findings (Eccles [Parsons], 1984; Eccles [Parsons] et al., 1984) . It is important to point out that we specified a reciprocal relation between expectancy and value constructs in this study. Thus, if efficacy-related judgments influence the perceived importance of mathematics, as the results suggest, they can have an indirect influence on course enrollment plans. Similarly, value judgments can influence performance outcomes, although they may do so indirectly through the influence they have on efficacy-related judgments. These findings emphasize the importance of examining both the direct and indirect effects of efficacy-related beliefs and value constructs on achievement outcomes.
Contrary to our prediction, math anxiety does not mediate the influence of performance expectancies in math and ratings of its importance on subsequent math grades and intentions. In addition, math anxiety does not have significant direct effects either on subsequent performance or on intentions to continue taking math; rather, the effects of math anxiety are indirect. These results suggest that expectancy and importance ratings are stronger determinants of subsequent performance and intentions than is math anxiety; however, we need to look at these relations longitudinally to fully assess this hypothesis. It does appear that it may be misleading to examine the influence of math anxiety on mathematics performance without looking at the effects of other self-perceptions such as expectancies and values.
An important finding of this study is that expectancy and value judgments are positively related (see also Eccles et al., 1988) . In his initial formulations of expectancy-value theory, Atkinson (1957) posited that the two constructs had an inverse relation, so that highly valued tasks were those for which the individual had low expectancies for success. Our results suggest that in real-world achievement settings, the relations between the two constructs are positive. Highly valued tasks are those for which students have high expectancies for success. In further support of this position, Feather (1988) found a similar positive relation between subject matter ability perceptions and valences in his study of college students' course enrollment decisions. Similar to Feather, we did not specify the direction of causal influence in our models. The perceived value of mathematics may lead students to develop their mathematical skills and abilities, or students may come to value those skills and tasks they perform well. Alternatively, as Feather suggested, a reciprocal process may explain the causal relation between expectancy and value constructs.
Another set of interesting findings concerns the patterns of relations for the male and female samples. Contrary to the suggestions of previous research (Meyer & Fennema, 1986) , math anxiety does not differentially predict achievement outcomes for girls and boys, even though girls and boys differed in the amount of anxiety they report. Instead, the results suggest that the underlying structure of the relations between variables are the same for boys and girls. Thus, it seems likely that the sex differences we find in course enrollment and performance patterns are due more to the mean differences in boys' and girls' achievement-related perceptions than to differences in the pattern of relationships among the variables used in this study.
We suggest that researchers pursue some questions regarding math anxiety left unresolved in this study. One shortcoming of our analyses is that the effects of anxiety were assumed to be linear. Test anxiety research (Heinrich & Spielberger, 1982; Wine, 1980) suggests that its effects may depend on the amount of anxiety experienced. Moderate levels of math anxiety may facilitate achievement striving, whereas more extreme levels appear to be more disruptive of cognitive and attentional processes, especially on tasks involving higher order thinking skills. Another important question concerns the effects of the individual differences in how students experience their anxiety. The students in our sample had a fairly restricted range of math ability. Wigfield and Eccles (1989) point out that low and high achieving students can experience test anxiety for different reasons and may respond to similar levels of anxiety in different ways. These interactional and individual effects need further examination in future research.
The results of this study have important implications for educational intervention. Treatment programs for math anxiety have generally involved helping students manage their emotional stress (for review, see Richardson & Woolfolk, 1980) . Although programs that help eliminate emotional arousal can increase students' sense of efficacy and reduce anxiety (Bandura, 1986) , for many math-anxious students, skill development should also be a critical component of these programs. Schunk and his colleagues have shown that it is possible to enhance self-perceptions of efficacy in students who have cognitive skill deficits, through direct or self-directed strategy training (for review, see Schunk, 1984) . Findings from Schunk's research indicate that as students acquire and master cognitive skills, they develop a greater sense of self-efficacy, which leads to increased persistence, higher levels of performance, and more intrinsic interest in the activity. For students with a history of poor achievement in mathematics, skill development with training to reshape negative motivation patterns might be the most effective approach (Borkowski, Weyhing, & Carr, 1988) .
The results of this study also confirm the predictions we have made elsewhere (Eccles, 1983; Eccles [Parsons], 1984; Eccles [Parsons] et al., 1984; Meece et al., 1982) regarding the critical role (especially for girls) that value perceptions play in determining students' intentions to enroll in advanced mathematics courses. Teachers can help enhance students' valuing of math in several ways, including explicitly relating the value of math to students' everyday lives, making math personally meaningful, and counseling students about the importance of mathematics for various careers (see Casserly, 1980; Eccles et al., 1986) . Unfortunately, in over 400 hours of classroom observation, Eccles and her colleagues (1986) observed fewer than a dozen instances of these instructional behaviors. Clearly, greater attention needs to be given to this aspect of mathematics education.
In conclusion, this study demonstrates the utility of integrating self-efficacy and expectancy-value approaches to better understand achievement behavior in school settings. Both approaches stress the importance of conceptually similar constructs. By developing models that draw on the strengths of each approach, researchers can begin to build more comprehensive models of achievement behavior. Our findings highlight the importance of formulating achievement models that examine reciprocal relations among math anxiety, efficacy beliefs about math, and math achievement values, and their causal links to academic performance and choices. Future research should assess the generality of our findings to other age groups, to students differing in mathematics ability, and to students in different kinds of mathematics curricula.
